The meat is regarded as one of the main sources of food-borne diseases; its evaluation can constitute a valuable source of information that can be used in the design of the collective prophylaxis programs in public health. The purpose of this study consisted in evaluating the quality of two types of minced meat (frozen and fresh), 30 samples from each type were collected from butchers in warm season (May-June) in the region of western Algeria. The analyses of laboratories have focused on the total aerobic mesophilic flora (TAMF), total coliforms (TC), fecal (FC), spores of sulfite-reducing clostridia (SRC), Staphylococci (Stap) and salmonella. Psychrophilic bacteria were investigated at the frozen meat and yeast at the fresh meat. Expressed as log cfu/g of meat; the overall results were 4.88, 3.89, 3.08, 2.09 and 4.45 respectively for TAMF, TC, FC, SRC and Stap. The fresh minced meat appeared more contaminated than the frozen one but the difference is significant only for total mesophilic flora and total coliforms. Salmonella was isolated only in frozen minced beef.
Introduction
The consumption of meat, all species and offal would reach in Algeria in 2006 about 28.214 kg / inhabitant / year according to FAO (1) . Strict monitoring of the hygienic slaughter practices is essential in preventing microbial contamination of carcasses, as a corollary the protection of consumer health and meat quality. In fact, it was estimated that 80-90% of the meat microflora reaching consumers result from contamination occurring at the slaughterhouse (2) . The preparation of the minced meat begins with the boning of the meat during which it is difficult to avoid the contact between the meat-based surfaces freshly put in the air and those who are previously soiled. This operation requires rigorous manipulator hygiene to minimize the contaminations, furthermore, the mincing operation accentuate the contamination of the meat by the passage in the chopper which is generally washed only at the end of the day. The preparation in advance of a great quantity of minced meat and the break in the cold chain are so many elements which favor and accentuate the contamination.
If the organoleptic quality of meats can be appreciated by routine inspection, the fact remains that germ contaminations will be detectable only by laboratory analysis. The objective of this study is to assess the hygienic quality of two types of minced beef (frozen and fresh) usually used in the region of Tiaret and Mostaganem (western Algeria). The hygienic quality is appreciated using a standardized sampling method, research and enumeration of hygienic interest but also with research of some pathogens as staphylococcus and salmonella.
Materials and Methods

Sampling Procedure:
The study was realized on 60 samples of minced beef; 30 samples of frozen beef (frozen MB) and 30 samples of fresh beef (fresh MB) randomly collected from butcher's shops of the city of Tiaret and of Mostaganem (Algeria). Frozen meats were imported from the Argentina, Brazil and India. The mincing is applied just before purchase. By respecting the cold chain (4 °C), collected samples (100 g) have been dispatched to the laboratory to be analyzed in the next two hours, aseptic samples are taken.
Bacteriological Analyses
Total Aerobic mesophilic flora (TAMF) (3): after 72 hours of incubation in PCA agar (Pasteur institute, Algiers), colonies between 15 and 300 are counted and the results expressed in colony forming units per gram of meat (cfu/g). Total Aerobic psychrophilic flora (4): studied only for the samples of frozen meat (Frozen MB). The Incubation was done at 7 ° C for 7 to 10 days; psychrophilic analysis is made in the same way as for the TAMF (in-depth culture on PCA). Only Petri dishes with a number of colonies between 15 and 300 are used for counting. Yeasts and molds (5): studied only for the fresh meat (Fresh MB). The method consists in sowing the oxytetracycline glucose agar (OGA medium). The counting is realized after 3 to 5 days of incubation at 25°C.
Total and fecal Coliforms (6): after an incubation of 24-48 hours at 37°C for the total coliforms (TC) and at 44°C for the fecal (FC), Petri dishes which have 15 to 150 red colonies at least 0,5 mm in diameter are counted. Staphylococcus aureus (stap) (7): counting and research have been carried out on Baird Parker agar by sowing on the surface with 0.1 ml of the stock solution and its various dilutions and incubation of Petri dishes at 37 ° C for 48 hours. Highlighting thermonuclease and coagulase on black colonies surrounded by clear counted aureole allows concluding that they are the ones of Staphylococcus aureus. An enumeration is then realized. Sulphite-reducing anaerobes spores (SRC): The incubation was performed at 37°C for 24 to 48 hours on Meat Liver agar. The big black colonies, producing sulphides from sulphites which precipitated with the iron ions, are considered as clostridia sulphito-reducers (8) Salmonella (9): Isolation is made on Hektoen agar (Pasteur Institute, Algiers) incubated at 37C° for 24 hours. The characteristic colonies underwent morphological and biochemical identification. All microbial counts were expressed as base-10 logarithms of colony forming units per gram (log cfu/g).
Statistical Analysis
The confidence interval 95% of prevalence rates of bacteria in the minced meat was estimated using an exact binomial distribution. The average logarithms of germs content in the minced beef (frozen and fresh) was compared by means of unequal variance Welch test (10) .
Results
Global minced beef hygienic quality in western Algeria, according to the meat (frozen or fresh), is summarized in table 1. The global averages are expressed in arithmetic mean.
Please see table 1 in the PDF version
It appeared total aerobic mesophilic flora, and total coliforms were significantly higher in fresh meat. However, differences are not significant for the rest of germs.
Salmonella were only recovered in frozen MB (6.67) ( Table 2) .
Please see table 2 in the PDF version Discussion
Like any other raw food, minced beef may be contaminated during production, processing, storage and marketing with biological agents that may be harmful to human health (11) .The global results showed that 96.66% (58/60) of the studied samples did not correspond to the statutory microbiological standards, widely exceeding those (80 %) reported in Morocco (12) . Total aerobic mesophilic-Flora (TAMF) and psychrophilic bacteria: It provides information on the overall degree of meat contamination and constitutes a criterion to classify slaughterhouses according to their hygienic quality (13) .
The results (4.88 log cfu/g) are below to those obtained in Morocco in 80s, with 5.15 to 6 log cfu/g (14; 15) or more recently, between 7,6 to 8,6 log cfu/g (16;17). Other investigators could recover the organisms from minced meat samples in variable percentages such as in Nigeria (9.65 log cfu/g: 18), in the United Kingdom (6.11 log cfu/; 19), in U.S.A. (4.6 log cfu/g; 20) and in Turkey where 79% of the samples had high rates exceeding 5 log cfu/g (11) . The differences can be explained by the degree of hygiene monitoring at different stages of the meat production and preparation. In addition, in our study, most butchers have neither running water nor chilled choppers while wearing gloves remains a practice that is not yet installed. Similar causes would also explain the level of charges recorded for other studied germs.
The average of psychrophilic bacteria reaches 4.88 log cfu/g joins that (3.7-6.61 log cfu/g) reported by Karaboz and Dincer (21) . These germs and indicators of meat spoilage are used by some authors to classify slaughter-houses according to their hygienic quality (13) . Coliforms: Determination of Enterobacteriaceae is an essential element in quality assessment of slaughter hygiene, slaughterhouses and consumption meats (22) . The average charge in TC is of 3.89 log cfu/g (3.46log cfu/g for the frozen MB and 4.32 cfu/g for the fresh MB), lower to that reported in United Kingdom in 80s (4.61 log cfu/g; 19) and more recently to that reported in dromedary minced meat (5.1 log cfu/g; 17, 2010).
If the TC load samples is significantly higher than the value reported in U.S.A. (1.7 log cfu/g; 20) , it nevertheless remains lower than that recorded in Morocco (6 log cfu/g; 17). The high rate of TC in the minced beef can be due to inadequate cleaning and disinfection, contaminant materials (ex: packaging), bad conditions of storage, source of untreated water, and deficiency in disinfection treatment. Fecal coliforms (FC) live in the human and animal intestines; their presence would reflect bad conditions during the slaughter operation. They survive difficulty for a long time outside of the intestine so; their presence indicates a recent faecal contamination (8) . The average load FC is 3.08 log cfu/g (2.76 log cfu/g for the frozen minced beef and 3.41 log cfu/g for the fresh minced beef) lower than those reported in 80s (4.31 log cfu/g; 19 and 4 log cfu/g; 14) . Several studies have revealed that fecal coliform (FC) is present in minced beef: in Nigeria; 3-5 log cfu/g (18) and in Morocco, 3.3 log cfu/g (16) . This average of high contamination is probably due to the improper handling during slaughtering operation, and to the transformation of the meat into minced meat, or the failure of disinfection materials and non-compliance with the decontamination protocol, or in a defect of material disinfection and failure to respect the decontamination protocol. The results (4.75 log cfu/g) recorded in Morocco (12) are close to ours while Daabouzi et al. (17) reported a value of 5.5 log cfu/g. No significant differences between the FC of frozen minced beef and FC of fresh minced beef.
Carcass contamination is unavoidable during slaughtering operations, especially during evisceration by the workers hands, equipment, the water used or by the eventual rupture of the gastric reservoir. A lack of precaution at this level leads probably to direct or crossed contamination. This as well as the contribution of contamination during the transport of carcasses, in butchers, the break of the cold chain or during the mincing process for the minced meat. Sulfito-reducing Clostridium: Enumeration of sulfito-reducing clostridies is a part of microbiological criterion applicable to food and thus searched by agri-food stuffs and by the competent services (23) . Anaerobic sulfito-reducing are telluric commensals of the intestine, exist in two forms, vegetative and very resistant spore used as test of fecal contamination, eventually old. These germs are considered as "tests germs" for assessing the hygienic quality of animal products. Contamination of ground beef would increase as the product progresses through the grinding process. The infectious amount for Clostrium perfringens is of 5 log cfu/g of food (24) . These germs were detected in 67 % of the samples probably related to the crosses between contaminated and healthy sector.60% of samples of frozen MB were contaminated with Clostridium against 73.33% for samples of fresh MB. The average rates (2.9 log cfu/g) are higher than the Algerian standards (1.47 log cfu/g) since the average charge in sulfitereducing clostridia1.9 log cfu/g for frozen MB and 2.29 log cfu/g for fresh MB ( Table 1) . These values are much higher than those reported elsewhere in U.S.A.(0.22 log cfu/g, by Emswiler et al., 20) , in United Kingdom (0.63 log cfu/g, 19) and in Morocco (1.3 and 1.54 log cfu/g in minced beef and 2.7 log cfu/f in dromedary minced meat; 16; 12; 17). However, some studies suggest that the level of contamination would be greater in the warm season compared to the cold season (15; 16) . Strict hygiene measures in slaughterhouses even for all of the food chain are an important criterion to respect in order to minimize the infection risk. Coagulase-positive staphylococci: Their detection and enumeration allow assessing the risk of food for consumers, given that they are the major species which can eventually produce a proteinic enterotoxin responsible of food poisoning (8) .Food causing of staphylococcal intoxications contains an average of 7.84 log cfu/g (25) . The charge is lower than the one recorded in Nigeria (5-7log cfu/g; 18) but higher to that reported in Turkey (only 5.7% were above 3 log cfu/g (11) , in Morocco (2.3 logcfu/g, 16; 2.27 log cfu/g, 12) in USA (0.74 log cfu/g; 20) and at UK (0.5 log cfu/g ; 19) . According to Dennai et al. (15) , the small difference in staphylococci observed between the lowest value (1.96 log cfu/g in winter) and the highest value (2.67 log cfu/g in summer) does not allow concluding a significant effect of the season. In most cases the contamination is due to an improper handling or hygiene conditions when the food is produced in nonindustrial setting, mainly because of the lack of equipment required for correct processing (18) . Contamination of minced beef by staphylococci may be due to hygiene defective workers eventually carrier's holders of S. aureus. It has been suggested that in raw foods S. aureus indicates contamination due to nasopharyngitis or human dermatosis (26) . Salmonella: The presence of Salmonella in frozen MB with a rate of 3.33 % joins other studies that indicate the presence of Salmonella on beef carcasses at rates varying from 0.2 to 21.5% (27) .
Contamination of minced beef with salmonella is regarded the major problem in food hygiene. Indeed, on a basis of modelling exercise at a salmonella outbreak beginning (field data), an infectious dose by person (affecting 50 % of exposed subject) was respectively estimated at 7 cfu (infected person) and 36 cfu (infection and disease-bearing person) (28) . Infectious dose by oral route seems higher; 5 log cfu/g of food (24) . Resistance of salmonella to freezing is known in the literature; in the stored minced meat for 21 days at-20°C, survival passes from 0,12% at pH 4.5 up to 20% at pH 7.5 (19) . Freezing seems to be a risk factor to Salmonella contamination, which is not conclusive since for some authors, the contamination increases with the outside temperature (29) . The presence of Salmonella in minced beef could be explained by contamination from the lymph nodes, viscera, skin and leather of animals, equipment or any manipulators healthy carriers (30) . In fact, the man is a natural reservoir of Salmonella typhimurium (31) . Summarized data from several European countries showed that Salmonella prevalence in minced beef ranged from 0.0% to 3.6%, with a mean of 1.1% (32) . However, in Egypt contamination with salmonella reached 20 % of frozen MB samples (33) . Likewise, many researchers such could not detect Salmonella species from samples of minced beef (34) . They concluded that this negative result not indicates the absence of the bacteria, but this result may be due to low sensitivity and specificity of the method used in isolation. A good informing caregiver, implementation of a hygiene plan in slaughterhouses and in cutting and meat preparation companies are crucial.
Yeast and molds:
In general, the yeasts are not pathogenic but some as well as molds can be infectious or cause allergic reactions. Content revealed (4.51) is much lower than that reported in Morocco (6.6 log cfu/g; 17). Nevertheless they exceeded those reported in Turkey (1.62 log cfu/g, 35) .Their presence in food is often undesirable because they can cause organoleptic alterations.
Conclusion
Important levels of bacterial contamination were found in the minced beef and globally more important in the fresh meat comparatively to the frozen one. However, the difference is only significant for total aerobic mesophilic flora and total coliforms. The meat is regarded as one of the main sources of food-borne diseases; its evaluation can constitute a valuable source of information that can be used in the design of the collective prophylaxis programs in public health. If the majority exceeded the thresholds of regulatory compliance, the analyzed samples showed varying bacterial loads in relation to insufficient hygiene practices. In order to reduce the contamination by pathogenic microbes, it is necessary to set up the measures of best practice at the manufacturing stage in Western Algeria.
